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Abstract 
Transportation authority always tries to improve the road safety. As the role of the road 
signs used by them is; to prove key information through warning, guiding and regulating the 
road riders, the highway sign poles are vital element of road transportation system. It 
consists of a sign board supported by hat sectioned beam. Their main function is; to assist 
the driver to drive the vehicles appropriately and safely. So they are designed for all season 
situations. A problem in traffic sign readability may leads to unsafe driving behaviors. Also 
any flaws in it lead to an accident possibility of the road vehicles. This paper deals with an 
effect of stormy winds that causes undue vibration and has a detrimental effect on drivers’ 
vision. A methodical approach is applied that includes vibration analysis of hat sectioned 
sign pole to ensure its frequency within safe limit specified by the concerned regulatory 
bodies. Numerical method is used to verify the obtained result. 
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ABBREVIATIONS 
S Shear centre 
O Reference point 
e Distance between shear centre and the 
reference point 
   Shear stress in flange (N/mm
2
) 
    Thickness of the hat section (mm) 
    Length of top of hat section (mm) 
    Length of flange of hat section (mm) 
 ̅ Distance between centroid of the section 
under consideration from reference point 
along the line of symmetry 
    ̅̅ ̅̅ ̅̅  Distance between centroid of the hat 
section from base point of the flange along 
the line of symmetry 
   Length of slant face of hat section 
   Angle made by slant face of hat section 
with vertical axis 
    Area of cross section (mm2) 
     Length (mm) 
       Area of the elemental strip of the 
hat section flange 
       Shear Force in the elemental strip 
of the hat section flange 
    Shear Force in the flange 
   Distance of elemental strip from the 
reference  
   Moment of Inertia or second moment of 
the area of hat section 
    Distance of elemental strip of the slant 
face from the reference 
   Shear Force in the slant face of hat 
section 
     Area of the elemental strip of the hat 
section slant face 
    Shear Force in the elemental strip of 
the hat section slant face 
    Moment of all forces about ‗O‘ 




 Density of the material ( Kg / mm3) 
    Poisson‘s ratio 




    Moment resisting capacity  
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INTRODUCTION 
Hat sections rolled from steel are widely 
accepted in the market. Industries such as 
trailer manufacturers use these hat profiles 
as sections that give support to the tipper 
trailers while the poultry industry use 
them in their roofing structure. Hat 
sections look exactly as their name 
implies. Like a top hat, the hat section is 
composed of two outward flanges (the 
brim), plus two vertical dimensions (the 
sides of the hat). It is well understood that 
strength is especially important with 
regards to hat section, as they are often 
produced to support heavy loads and resist 
bending. When incorporated to parent 
structure, it enhances the physical 
properties of the structure. Hat section 
has excellent bending properties about 
both Y-Y and Z-Z axes provided the 
value of 2b2 is approximately equal to 
b1 (Fig. 1). Consequently with reduced 
weight or material cost, hat stiffened 
structures attains more strength and 
stability under static and dynamic types 
of loading for various boundary 
conditions. These advantages 
intensified its use in vehicle body 
components like engine hood or bonnet, 
vehicle flooring, roof, doors etc.
 
 
Figure 1: Hat section and its properties.  Figure 2: Hat section employed in the sign pole. 
 
Although, there are many industrial 
applications of hat section incorporated 
structures, among such structure highway 
sign pole is the matter of our interest for 
the present work here. Sign Poles are 
commonly seen on the highways and 
roads. Those are signs erected at the side 
of or above roads to give instructions or 
provide information to road users. It 
consists of signboard supported with a hat 
sectioned pole as shown in Fig. 2. The 
signboards are with standard colors and 
shapes to streamline the flow of traffic and 
effectively communicate with the traffic 
environment. To overcome language 
barriers, and enhance traffic safety, colors 
and sign together tell the entire message. 
Hat channel sign posts are built for 
strength and reliability and made with the 
finest high-carbon built steel. They are 
engineered with a patented ribbed back 
design - adding strength to crucial load-
bearing points. This added strength 
enables the posts to handle more signage. 
It is designed to maintain rigidity against 
wind forces and other non-impact loads. 
But for roadside installations, it will yield 
when struck by a vehicle. While erecting 
the sign pole its utility line must be 
marked as per the standards. So that, it 
height should be appropriately divided 
into anchor and post. Hat channel posts 
are the preferred for small roadside signs 
due to its ease of installation. 
 
In case of condition monitoring of the 
general structures identification of the 
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from the serviceability and safety point of 
view. As the natural frequency is simple to 
measure, it is predominantly used as 
diagnostic parameter for structural health 
monitoring technique. Cawley and Adams 
[1], gave a detailed formulation to detect 
damage in a structure using differences 
between damaged and undamaged 
resonant frequencies for each mode in 
comparison with finite element results. T 
C Nguyen et al. [2], has discussed the 
applicability of the frequency based 
damage detection method for the tower 
structure of wind turbines. The numerical 
method is used to solve the models. There 
is a thorough review taken by Salawu O S 
[3], for the various natural frequencies 
based methods proposed for the health 
monitoring and shown the potential use to 
assessment of the structure. Using finite 
element method with software package 
ANSYS, Marjan Djidrov et al. [4], has 
presented vibration analysis and frequency 
response analysis of aluminum cantilever 
beam with bonded piezoelectric 
transducer. Natural frequencies are 
identified as a physical property for 
assessing the structure. Ann Nakashima et 
al. [5], has studied the performance of 
land driven vehicles by considering the 
effect of vibration on the human body. An 
active suspension system is being used to 
stable environment with smooth ride. As 
the vibrations resulting from the real road 
surface are complex, the study is focused 
on those frequencies and amplitude which 
has largest effect on the riders‘ 
performance. M Griffine [6, 7], has given 
detailed insights of effect of display 
vibration on human vision and explained 
the cause for observing detrimental image. 
Mansfield N J [8], has also discussed the 
human body response to the vibration 
along with its mechanics. In an 
experimental work MLM Duarte [9], 
evaluated the influence of the parameter 
vision in the vibration perception 
threshold and maximum acceptable 
vibration limit of subjects when exposed 
to vibration. R Hopcroft [10], examined 
the effect of human vibration in the C-
130J, Hercules aircraft, along with an 
overview of the characteristics of vibration 
and human exposure to vibration, Also 
discussed the likely consequences of 
exposure to vibration in the aircraft and 
rendered some recommendations for 
managing the issue. ISO code [11], has 
described the procedure to evaluate human 
exposure to whole-body vibration and its 
general requirements especially related 
with the frequency to avoid the 
detrimental environment. Whereas the 
dimensional requirements for the sign 
boards are mentioned in the code IRC: 67-
2012 [12], for the proper visualization 
while in motion. 
 
EFFECT OF SIGN POLE 
VIBRATION ON RIDER’S VISION 
A vast experimental work has been carried 
out to know the effect of vibration on the 
vision. It is based on the magnitude of the 
image movement on the eye retina that 
causes the degradation of the vision. Eye 
retina vibrations may be due to either 
vibrating display or vibrating observer or 
both simultaneously. While riding a 
vehicle assume a controlled situation that 
a driver‘ eyes are stationary at the moment 
of observation and only a sign pole is 
vibrating. When the sign pole is 
oscillating slowly, the driver can maintain 
the sign image on retina by ―pursuit eye 
movements‖. But when the frequency of 
oscillation of the sign pole increases of 
above about 1 Hz, there occurs a 
considerable lag in pursuit eye movement. 
The eye movement then becomes discrete 
saccadic type to get the correct point 
position. Due to this an image of the sign 
pole falls on larger part of drivers‘ eye 
retina and so becomes less clear. At 
frequencies above 2-3 Hz this saccadic 
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the image appears as blurred. Ultimately it 
is vital to have the sign pole frequency 
within a limit of 3Hz. 
 
There are other reasons also to cause the 
detriment of the sign pole image which are 
neglected here. Firstly a general human 
eyeball has a resonant frequency in the 
range of 30−80 Hz. So even for the 
stationary sign pole if observer is set at the 
resonance frequency results a blurred 
image. Secondly, many times drivers take 
drugs to avoid motion sickness which has 
one of the side effects as blurred image.  
VIBRATION ANALYSIS OF SIGN 
POLE 
Determination of both the sectional 
properties viz. centriod and the shear 
centre of a structural beam are essential to 
know its response under various loading 
conditions. Thus, static and dynamic 
analysis of the hat sectioned beam requires 
evaluation of centroid and shear centre 
locations. A mathematical procedure to 
determine the shear centre of hat sections 
with different dimensional features are 
mentioned bellow. Consider a general Hat 
section as shown in the Fig. 3. Let, S = 
shear centre and O = centre of gravity
 
 





Now shear stress in flange,      
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Shear stress in slant face,         
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Now taking moment of all forces about ‗O‘ and equating to zero for equilibrium, 
i.e.,  ∑                                                                                   (Eq.3) 
From Eq.1, Eq.2 and Eq.3, a distance between shear centre ‗S‘ and point ‗O‘ is as given in 
Eq.4. 
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. Consider a specific Hat section as shown in the Fig. 4. 
 
 





Using the above method a distance between shear centre ‗S‘ and point ‗O‘ is determined as 
given in Eq. 5. 
  
  
       
  
                                                                       (Eq. 5)  
The dimensions considered for the street sign pole are as shown in Fig. 5. 
 
 
Figure 5: A practical hat sectioned sign pole dimensions. 
 
Here, from the given geometry, the various dimensional parameters are:  
a= 12.5 mm, h = 50 mm,          ,           ,       and          
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Therefore, using Eq. 4, distance of shear centre from the centroid is:  
             
Let Wind Velocity (V) = 19 m/s (Considered as an average velocity in the region of Indian 
tropical) 




Let, Drag Coefficient for shorter plate, Cd = 1.4 
Projected Area of a small Sign Board as per IRC67-2012 standards, 





Therefore, Wind Load, F = A* P* Cd = 175 N
 
 
Assume the wind force is due to its natural stormy flow in that region as well as pass by 
vehicles. 
 
Now taking the wind force, F = 175 N, acts at 30° to the plane of sign board, its components 
are:  
Fy =    F* sin30
0
 =      87.5 N,              Fz = F* Cos 30
0 
= 151.55 N 
Hat Section Area = 378.33 mm
2
, Density ρ in Kg /mm = 2.93*10-3 
∴ Using Euler Bernoulli equation, Frequency of transverse vibration of sign pole; 
        √
   
   
                      
 
Now for the torsion of the sign pole, 
Ixx = Jp = Iyy + Izz = 1.868* 10
5







Now the distance of the wind force Fy from the Shear Centre = e + 19.5 =49 mm (Approx.) 
∴ Torque at Shear Centre due to force Fy, Tz = 0.49 * 151.55 = 73.7 N-m 
Angular defection of the Sign Pole,        
   
    
         
This angle is much lower than the safe limit of 5
°
 specified in IRC67: 2012 
 
FINITE ELEMENT ANALYSIS OF SIGN POLE 
A geometric model of highway sign pole is generated using modeling software package 
Creo
R
3.0. It is assumed that a small sign board is rigidly welded to the pole and made of 
light, inelastic material. Thus the modes of pole alone has assigned as the modes of Sign 
Pole. This model is then imported in analysis software package ANSYS
R
15-apdl. In a modal 
tool Sign Pole model is analyzed to find its fundamental frequency. The input parameters 
used are as mentioned in Table 1 below. 
 
Table 1: Parameters used for finite element analysis. 
Sr. No. Parameter Specification 
1 Pole Material Steel 
2 Elastic Modulus 200Gpa 
3. Rigidity Modulus 80 Gpa 
4. Poisson‘s Ratio 0.28 
6. Mass Density 7850 Kg/ m3 
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Now solving finite element model of sign pole, a fundamental frequency obtained is shown 
in Fig. 4. 
 
             
The obtained results of finite element method and analytical method are in good agreement. 
 
Figure 4: FEA of hat sectioned beam for first modal frequency. 
 
Thus, fundamental frequency of vibration 
of the hat sectioned sign pole, obtained by 
analytical method, is less than its upper 
limit of 1Hz. So the Highway sign pole 
under consideration is appropriate. 
 
CONCLUSIONS 
An effect of wind on driver‘s vision for 
the legibility of the highway sign boards is 
studied using a practical and methodical 
approach. A hat sectioned highway sign 
pole, under consideration, is analyzed 
successfully for the detriment vision of the 
road vehicle driver. A free vibration 
analysis reliably determined the 
fundamental frequency. The limits 
imposed by the traffic authorities in India 
were considered for the assessment of the 
appropriateness of the sign pole design. A 
practical sign pole was assessed and 
assured for its legibility to the vehicle 
driver. 
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